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PHYSICAL QUANTITY SENSOR,
ELECTRONIC DEVICE, AND MOBILE BODY

BACKGROUND

1. Technical Field

The present invention relates to a physical quantity sen-
sor, an electronic device, and a mobile body.

2. Related Art

For example, 1n JP-A-2013-102036, a physical quantity
sensor 1s disclosed which has a package that has a substrate
and a lid, and a functional element which 1s accommodated
in an internal space that 1s formed inside the package. In
addition, a hole section for sealing, which causes the inside
of the internal space to communicate with the outside of the
internal space, 1s formed 1n the lid, and after the internal
space 1s set to a predetermined atmosphere via the hole
section, 1t 15 possible to maintain the mternal space at the
predetermined atmosphere by sealing the hole section. How-
ever, 1n the physical quantity sensor in JP-A-2013-102036,
mechanical strength 1n the vicimity of the hole section of the
l1d 1s reduced since the configuration of the hole section 1s
complicated, and the hole section 1s formed such that the
upper surface of the lid communicates with the ceiling of the
internal space. For this reason, in particular, there 1s an
increased concern that cracks are generated at the periphery
of the hole section of the 1id and the lid 1s damaged due to
contraction accompanying heat damage or cooling of a
sealing material when the hole section 1s sealed using the
sealing material. When the Iid 1s damaged, airtightness of the
internal space 1s reduced, and 1t 1s not possible to maintain
the internal space in the predetermined atmosphere. Further-
more, the hole section of the lid 1s included in the internal
space, and there are certain restrictions on the arrangement
relationship of the hole section and the internal space.

SUMMARY
An advantage of some aspects of the invention 1s to
provide a physical quantity sensor, an electronic device, and
a mobile body which exhibit high mechanical strength.
The invention can be realized 1n the following application
examples.

APPLICATION EXAMPLE 1

According to this application example, there 1s provided
a physical quantity sensor including: a substrate; a first
concave section which 1s formed on the substrate; a lid
which 1s fixed to the substrate; a second concave section
which 1s formed on the lid; a cavity which 1s formed from
the first concave section and the second concave section; a
functional element which 1s accommodated 1n the cavity; a
communication hole which 1s formed 1n the 1id and does not
communicate with the second concave section; and a groove
which 1s formed 1n the substrate and commumnicates with the
first concave section, 1n which the communication hole
communicates with the cavity via the groove.

Thereby, a physical quantity sensor exhibiting high
mechanical strength 1s obtained.

APPLICATION EXAMPLE 2

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that a sealing material 1s
disposed mside the communication hole, and the atmosphere
of the functional element 1s sealed.
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Thereby, i1t 1s possible to seal the functional element 1n a
predetermined atmosphere.

APPLICATION EXAMPLE 3

In the physical quantity sensor according to the applica-
tion example, i1t 1s preferable that the communication hole
has a portion 1n which a cross-sectional area tapers from a

first surface side toward a second surface side.

Thereby, 1t 1s easy to retain the sealing material 1 a solid
form 1n the middle of the communication hole, and 1t 1s
possible to more eflectively hermetically seal the cavity.

APPLICATION EXAMPLE 4

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that the lid has a concave
section which 1s open at the second surface, the substrate has
a concave section which 1s open at the surface of the lid side,
the openings of the two concave sections communicate with
cach other to form the cavity, and 1n planar view, the
communication hole 1s disposed at a position where at least
the opening of the first surface side 1s shifted to the concave
section of the lid.

Thereby, the configuration of the physical quantity sensor
1S easy.

APPLICATION EXAMPLE 5

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that 1n planar view, the com-
munication hole 1s disposed such that a portion of the
opening of the second surface side overlaps with the con-
cave section of the lid.

Thereby, it 1s possible to achieve a reduction 1n size of the
physical quantity sensor.

APPLICATION EXAMPLE 6

In the physical quantity sensor according to the applica-
tion example, it 1s preferable that the groove 1s open at the
surface on the lid side on the substrate.

Thereby, the configuration of the groove 1s simplified.

APPLICATION EXAMPLE 7

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that the depth of the groove 1s
shallower than the concave section on the substrate.

Thereby, it 1s possible to reduce the cross-sectional area of
the groove, and 1t becomes diflicult for splash, which 1s
generated when the sealing material 1s melted, to infiltrate
inside the cavity.

APPLICATION EXAMPLE 8

In the physical quantity sensor according to the applica-
tion example, it 1s preferable that the width of the groove 1s
wider than the opening on the first surface side of the
communication hole.

Thereby, even 11 the position of the lid 1s shifted some-
what with respect to the base, 1t 1s possible to connect the
communication hole and the groove.

APPLICATION EXAMPLE 9

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that the groove includes at least
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one of a bent section and a curved section between the
communication hole and the cavity.
Thereby, 1t becomes difhicult for splash, which 1s gener-

ated when the sealing material 1s melted, to infiltrate 1nside
the cavity.

APPLICATION EXAMPL.

(L]

10

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that the groove 1s connected to
the communication hole in the middle in the extension
direction.

Thereby, 1t becomes difhicult for splash, which 1s gener-
ated when the sealing material 1s melted, to infiltrate inside
the cavity.

APPLICATION EXAMPLE 11

In the physical quantity sensor according to the applica-
tion example, it 1s preferable that the groove 1s a liqud
reservoir.

Thereby, 1t becomes dithicult for splash, which 1s gener-
ated when the sealing material 1s melted, to infiltrate 1nside
the cavity.

APPLICATION EXAMPL

L1

12

In the physical quantity sensor according to the applica-
tion example, it 1s preferable that the cavity has a first cavity
and a second cavity, the functional element has a first
functional element which 1s accommodated 1n the first
cavity, and a second functional element which 1s accommo-
dated in the second cavity, the communication hole has a
first communication hole which 1s formed 1n a partition wall
section that 1s provided on the periphery of the first cavity,
and a second communication hole which 1s formed 1n a
partition wall section that 1s provided on the periphery of the
second cavity, and the groove has a first groove which
causes the first communication hole to communicate with
the first cavity, and a second groove which causes the second
communication hole to communicate with the second cavity.

Thereby, it 1s possible to seal the first cavity and the
second cavity under separate conditions.

APPLICATION EXAMPL.

L1l

13

In the physical quantity sensor according to the applica-
tion example, 1t 1s preferable that the first functional element
1s an acceleration detection element, and the second func-
tional element 1s an angular velocity detection element.

Thereby, a compound sensor 1s obtained which 1s able to
detect acceleration and angular velocity.

APPLICATION EXAMPL.

L1

14

According to this application example, there 1s provided
an e¢lectronic device including the physical quantity sensor
according to the application examples.

Thereby, an electronic device exhibiting high reliability 1s
obtained.

APPLICATION EXAMPL.

(Ll

15

According to this application example, there 1s provided
a mobile body including the physical quantity sensor accord-
ing to the application examples.
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Thereby, a mobile body exhibiting high reliability 1s
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference

like elements.

FIG. 1 1s a sectional view of a physical quantity sensor
according to a first embodiment of the invention.

FIG. 2 15 a planar view 1llustrating a communication hole
which 1s imncluded 1n the physical quantity sensor illustrated
in FIG. 1.

FIG. 3 1s a planar view of a functional element which 1s
included 1n the physical quantity sensor illustrated 1n FIG. 1.

FIG. 4 1s a planar view 1illustrating a groove which 1s
included 1n a physical quantity sensor according to a second
embodiment of the invention.

FIG. § 1s a planar view illustrating a modification example
of the groove which 1is 1llustrated i FIG. 4.

FIG. 6 1s a planar view 1llustrating a groove included 1n
a physical quantity sensor according to a third embodiment
of the invention.

FIG. 7 1s a sectional view illustrating a groove which 1s
included 1n a physical quantity sensor according to a fourth
embodiment of the invention.

FIG. 8 1s a sectional view illustrating a physical quantity
sensor according to a fifth embodiment of the imvention.

FIG. 9 1s a planar view 1llustrating a second functional
clement which 1s included 1n the physical quantity sensor
illustrated in FIG. 8.

FIG. 10 1s a perspective view 1llustrating a configuration
ol a mobile-type (or a notebook-type) personal computer to
which an electronic device of the invention 1s applied.

FIG. 11 1s a perspective view illustrating a configuration
of a mobile phone (also including PHS) to which the
clectronic device of the mvention 1s applied.

FIG. 12 15 a perspective view 1llustrating a configuration
of a digital still camera to which the electronic device of the
invention 1s applied.

FIG. 13 15 a perspective view schematically 1llustrating an
automobile as an example of a mobile body of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A physical quantity sensor, an electronic device, and a
mobile body of the mvention will be described below in
detail based on the embodiments which are 1llustrated 1n the
drawings.

First Embodiment

FIG. 1 1s a sectional view of the physical quantity sensor
according to a first embodiment of the invention. FIG. 2 1s
a planar view 1llustrating a communication hole which 1s
included in the physical quantity sensor illustrated 1n FIG. 1.
FIG. 3 1s a planar view of a functional element which 1s
included 1n the physical quantity sensor illustrated in FIG. 1.
Here, for convemence ol explanation, the upper side 1is
referred to as “upper” and the lower side 1s referred to as
“lower” 1n FIG. 1. In addition, 1n each drawing, the X axis,
the Y axis, and the Z axis are 1llustrated as three axes which
are orthogonal to one another. In addition, heremafter a
direction which 1s parallel to the X axis 1s referred to as an
“X axis direction”, a direction which 1s parallel to the Y axis
1s referred to as a “Y axis direction”, and a direction which
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1s parallel to the Z axis 1s referred to as a “Z axis direction”.
In addition, a plane which includes the X axis and the Y axis
1s referred to as an “XY plane”.

It 1s possible to utilize the physical quantity sensor 1
shown 1n FIG. 1 as an angular velocity sensor which 1s able
to measure the angular velocity about the Z axis (vertical
ax1is). Such a physical quantity sensor 1 includes a package
10 which has a substrate 2 and a lid 3, and a functional
clement 4 which 1s disposed 1n an internal space (cavity) S
inside the package 10.

Substrate 2

A concave section (first concave section) 21 which 1s open
at the upper surface 1s formed on the substrate 2. The
functional element 4 1s disposed above the concave section
21, and the functional element 4 and the substrate 2 are
prevented from coming ito contact by the concave section
21. In addition, a groove 24, which 1s open at the upper
surtace and 1s connected to the concave section 21 at one end
section, 1s formed 1n the substrate 2. As will be described
later, the groove 24 1s a groove which causes a communi-
cation hole 33, which 1s formed 1n the 1id 3, to communicate
with the internal space S. In this manner, forming the groove
24 becomes easy due to the groove 24 being opened at the
upper surface of the substrate 2. In addition, the groove 24
1s formed so as to be shallower than the concave section 21.
For example, with respect to the groove 24 having a depth
of approximately 100 to 500 nm from the upper surface of
the substrate 2, in the same manner, the concave section 21
has a depth of approximately 1 to 4 um from the upper
surtace of the substrate 2.

Such a substrate 2 1s formed from a glass material ({for
example, borosilicate glass such as Pyrex glass (registered
trademark)) which includes alkali metal 10ons (movable
ions). Thereby, it 1s possible to firmly join the functional
element 4, which 1s formed from a silicon substrate, to the
substrate 2 by anodic bonding. However, the configuration
material of the substrate 2 1s not limited to a glass material,
and, for example, 1t 1s possible to use a high-resistance
s1licon material. In this case, it 1s possible to perform joining
of the functional element 4 via, for example, a resin-based
adhesive, a glass paste, a metal layer, or the like.

Lid 3

As shown in FIG. 1, the Iid 3 has a concave section
(second concave section) 31 which 1s open at a lower
surface, and 1s joined to the substrate 2 such that the concave
section 31 forms the internal space (cavity) S which accom-
modates the functional element 4 with the concave section
21. In addition, the 11d 3 1s formed in a partition wall section
32 which 1s positioned on the periphery of the concave
section 31 (internal space S) in planar view, and has the
communication hole 33 which causes a lower surface (first
surface) 3a of the lid 3 to communicate with an upper
surface (second surface) 35 of the lid 3. In other words, the
l1d 3 has the communication hole 33 which causes the lower
surface to communicate with the upper surface and does not
communicate with the concave section 31. Then, a lower
side opening (an opening at the internal space S side) 33a of
the communication hole 33 1s positioned so as to overlap
with the groove 24 of the substrate 2. For this reason, the
communication hole 33 communicates with the internal
space S via the groove 24. In addition, the communication
hole 33 i1s sealed using a sealing material 9 which 1s formed
of, for example, metal such as an Au—Ge alloy, and thereby,
the internal space S 1s hermetically sealed. It 1s preferable
that the iternal space S come to be 1n a vacuum state (for
example, a reduced pressure state of less than 10 Pa) 1n order
to allow the functional element 4 to more eflectively vibrate.
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Here, a metal film or the like may be formed in order to
increase adhesiveness of the sealing material 9 to the periph-
eral surface of the communication hole 33.

Such a lid 3 1s, for example, formed using a silicon
substrate. Thereby, 1t 1s possible to firmly join the lid 3 and
the substrate 2 by anodic bonding.

According to such a configuration, in planar view, 1t 1s
possible to join the periphery of the lower side opening 33a
of the Iid 3 to the substrate 2 since the lower side opening
33a of the communication hole 33 is disposed at a position
which 1s shifted from the internal space S. For this reason,
it 1s possible to enhance the mechanical strength of the
periphery of the communication hole 33 of the lid 3, and
damage to the lid 3 due to impacts such as falling 1s reduced.
In addition, it 1s possible to reduce cracking which 1is
generated in the vicinity of the commumnication hole 33 of the
lid 3 and a decline 1n airtightness of the internal space S
caused by heat which 1s generated when the sealing material
9 1s melted by laser irradiation or the like, and stress which
1s generated by melting and solidification of the sealing
material 9.

In particular, as described above, 1t 1s possible to sufli-
ciently reduce the cross-sectional form of the groove 24

since the groove 24 which 1s formed in the substrate 2 1s
formed so as to be shallower than the concave section 21.
For this reason, for example, 1t becomes diflicult for splash,
which 1s generated when the sealing material 9 1s melted by
laser 1rradiation, to infiltrate in the iternal space S via the
groove 24. Consequently, adhesion of metal splash to the
functional element 4 1s reduced, and 1t 1s possible to reduce
functional decline of the functional element 4.

Next, the form and the disposition of the communication
hole 33 will be described 1n detail. As shown 1n FIG. 1, the
communication hole 33 has a tapered form in which a width
W (the cross-sectional area) tapers from the upper side
opening toward the lower side opeming. By setting such a
form, 1t 1s possible to melt the sealing material 9 (spherical
prior to melting), which 1s disposed on an inclined surface
of the communication hole 33, by laser irradiation, and 1t 1s
possible to more effectively seal the communication hole 33.
In addition, as shown in FIG. 1, in planar view, i the
communication hole 33 a portion of an upper side opening
3356 overlaps with the concave section 31. Thereby, degree
of layout freedom of the communication hole 33 in planar
view 1s 1ncreased with respect to the internal space S. That
1s, 1n comparison to JP-A-2013-102036 described above, 1t
1s possible to maximize the mternal space S and a space of
the functional element 4. Here, 1n the present embodiment,
the planar form of the communication hole 33 1s substan-
tially rectangular, but the planar form of the communication
hole 33 1s not limited thereto, and may be, for example,
circular.

In addition, as shown in FIG. 2, a width W33a of the
lower side opening 33a of the communication hole 33 1is
wider than a width W24 of the groove 24. Thereby, for
example, even if the position of the l1id 3 1s slightly shitted
in the Y axis direction with respect to the substrate 2, 1t 1s
possible to connect the whole region of the lower side
opening 33a of the communication hole 33 to the groove 24.
For this reason, 1t 1s possible to prevent a flow path in the
middle (boundary section) of the groove 24, which becomes
a tlow path when the inside of internal space S 1s vacuumed,
and the communication hole 33 becoming narrow, and 1t 1s
possible to smoothly vacuum the 1nside of the internal space
S via the groove 24 and the communication hole 33.
However, the relationship between the width W33a and the
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width W24 1s not limited thereto 1n the present embodiment,
and the width W33a may be narrower than the width W24,
or both may be equal.
Functional Flement 4

The functional element 4 1s an angular velocity sensor
clement for detecting angular velocity about the Z axis. As
shown 1n FIG. 3, such a functional element 4 has a structure
41, a fixed electrode for driving 47, and a fixed electrode for
detection 48. Such a functional element 4 1s, for example,
formed from a silicon substrate which 1s doped with 1impu-
rities such as phosphorus and boron.

The structure 41 has two vibration bodies 41' and 41", and
the vibration bodies 41' and 41" are connected to one another
along the X axis direction. In addition, the vibration bodies
41' and 41" are provided symmetrically with respect to the
respective boundary line B (straight line along the Y axis
direction). The configurations of the vibration bodies 41' and
41" are described in detail below, but since the configura-
tions of the vibration bodies 41' and 41" are the same as one
another, heremafiter, the explanation of the configuration of
the vibration body 41' 1s given as a representation and
description of the configuration of the vibration body 41" 1s
omitted.

As shown 1 FIG. 3, the vibration body 41' has a driving,
section 42 and a detecting section 43. In addition, the driving
section 42 has a support section for driving 421, a spring
section for driving 422, a movable electrode for driving 423,
and a fixed section 424. The support section for driving 421
has a frame form, and 1s connected to the fixed section 424
which 1s fixed to the upper surface of the substrate 2 via the
spring section for driving 422. The spring section for driving
422 1s formed so as to be able to be elastically deformed 1n
the X axis direction, and thereby, the support section for
driving 421 becomes displaceable (able to be vibrated) in the
X axis direction with respect to the fixed section 424. In
addition, the movable electrode for driving 423 1s connected
to the support section for driving 421 and 1s positioned
outside the support section for driving 421. Then, the fixed
clectrode for driving 47, which 1s fixed to the upper surface
ol the substrate 2, 1s positioned so as to face via the movable
clectrode for driving 423. For this reason, when a voltage 1s
applied between the fixed electrode for driving 47 and the
movable electrode for driving 423, electrostatic force 1s
generated between the fixed electrode for driving 47 and the
movable electrode for driving 423, and 1t 1s possible to cause
the support section for driving 421 to vibrate along the X
axis direction while the spring section for driving 422 1is
clastically deformed by the electrostatic force.

The detecting section 43 1s disposed inside the support
section for driving 421, and has a support section for
detection 431, a spring section for detection 432, and a
movable electrode for detection 433. The support section for
detection 431 has a frame form, and i1s connected to the
support section for driving 421 via the spring section for
detection 432. The spring section for detection 432 1is
configured so as to be able to be elastically deformed 1n the
Y axis direction, and thereby, the support section for detec-
tion 431 becomes displaceable in the Y axis direction with
respect to the support section for driving 421. In addition,
the movable electrode for detection 433 is provided so as to
extend 1n the X axis direction inside the support section for
detection 431, and both end sections of the movable elec-
trode for detection 433 are connected to the to the support
section for detection 431. Then, the fixed electrode for
detection 48, which 1s fixed to the upper surface of the
substrate 2, 1s positioned so as to face via the movable
electrode for detection 433. For this reason, when the
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support section for detection 431 vibrates in the Y axis
direction while the spring section for detection 432 1is

clastically deformed, a gap between the fixed electrode for
detection 48 and the movable electrode for detection 433
changes, and accompanying this change, the electrostatic
capacity between the fixed electrode for detection 48 and the
movable electrode for detection 433 changes.

The configuration of the tfunctional element 4 1s described
above. With such a configuration, 1t i1s possible for the
functional element 4 to detect angular velocity about the Z
axis as follows. First, as described above, the support section
for dniving 421 wvibrates along the X axis direction by
applying a voltage between the fixed electrode for driving 47
and the movable electrode for driving 423. At this time, the
support sections for driving 421 of the vibration bodies 41'
and 41" are caused to vibrate with reverse phases to one
another (X axis reverse phase mode). In this manner, when
an angular velocity W 1s applied to the functional element 4
about the Z axis in a state in which the support sections for
driving 421 of the vibration bodies 41' and 41" are caused to
vibrate, Coriolis force acts, and the support sections for
detection 431 of the wvibration bodies 41' and 41" are
displaced in the Y axis direction with respect to the support
sections for driving 421. Here, at this time, the support
sections for detection 431 of the vibration bodies 41' and 41"
are caused to vibrate with reverse phases to one another (Y
axis reverse phase mode). In this manner, due to displace-
ment of the support sections for detection 431 1n the Y axis
direction with respect to the support sections for driving 421,
a gap between the movable electrode for detection 433 and
the fixed electrode for detection 48 changes, and accompa-
nying this gap change, the electrostatic capacity between the
movable electrode for detection 433 and the fixed electrode
for detection 48 changes. For this reason, the functional
clement 4 detects an amount of change of electrostatic
capacity between the movable electrode for detection 433
and the fixed electrode for detection 48 by applving a
voltage between the movable electrode for detection 433 and
the fixed electrode for detection 48, and it 1s possible to
determine the angular velocity w about the Z axis based on
the amount of change of electrostatic capacity.

Second Embodiment

Next, the second embodiment of a physical quantity
sensor of the mvention will be described.

FIG. 4 1s a planar view illustrating a groove which 1s
included in the physical quantity sensor according to the
second embodiment of the invention. FIG. 5 1s a planar view
illustrating a modification example of the groove which 1s
illustrated 1n FIG. 4.

The physical quantity sensor according to the present
embodiment 1s the same as the physical quantity sensor
according to the first embodiment described above aside
from the form of the groove, which i1s provided on the
substrate, being different.

Here, the description below relates to the physical quan-
tity sensor of the second embodiment, the description
focuses on the differences to the embodiment described
above, and similar matter 1s omitted from the description. In
addition, the configurations 1n FIG. 4 and FIG. 5 which are
the same as the embodiment described above are given the
same reference numerals.

As shown 1n FIG. 4, the groove 24, which i1s included 1n
the physical quantity sensor 1 of the present embodiment,
has two bent sections 241 in the middle of the extension
direction. By providing bent sections 241, 1t becomes dii-
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ficult for splash, which 1s generated when the sealing mate-
rial 9 1s melted by laser irradiation, to infiltrate 1n the internal
space S via the groove 24. Consequently, adhesion of metal
splash to the functional element 4 1s reduced, and 1t 1s
possible to reduce functional decline of the functional ele-
ment 4. Here, the number of bent sections 241 1s not limited
to two, and may be one, or may be three or more. In addition,
even 1f a curved section 242 as shown 1n FIG. 5 1s included
in place of the bent section 241, 1t 1s possible to exhibit the
same ellects as the present embodiment.

It 1s possible for the same eflects as those in the first
embodiment described above to also be exhibited in the
second embodiment.

Third Embodiment

Next, a third embodiment of a physical quantity sensor of
the 1invention will be described.

FIG. 6 1s a planar view 1illustrating a groove which 1s
included 1n a physical quantity sensor according to the third
embodiment of the invention.

The physical quantity sensor according to the present
embodiment 1s the same as the physical quantity sensor
according to the first embodiment described above aside
from the form of the groove, which i1s provided on the
substrate, being different.

Here, the description below relates to the physical quan-
tity sensor of the third embodiment, the description focuses
on the differences to the embodiments described above, and
similar matter 1s omitted from the description. In addition,
the configuration i FIG. 6 which 1s the same as the
embodiments described above 1s given the same reference
numerals.

As shown 1n FIG. 6, the groove 24 which i1s included 1n
the physical quantity sensor 1 of the present embodiment, 1s
connected to the communication hole 33 1n the middle of the
extension direction. In other words, the groove 24 has a
portion 244 which 1s connected to and extends from the
communication hole 33 to the opposite side to the concave
section 21. By setting such a configuration, 1t 1s possible for
a portion of splash, which 1s generated when the sealing
material 9 1s melted by laser irradiation, to be allowed to
infiltrate 1 the portion 244 on the opposite side to the
concave section 21. For this reason, it becomes dithicult for
splash to infiltrate 1n the internal space S via the groove 24.
Consequently, adhesion of metal splash to the functional
clement 4 1s reduced, and 1t 1s possible to reduce functional
decline of the functional element 4.

It 1s possible for the same eflects as those in the first
embodiment described above to also be exhibited 1n the third
embodiment.

Fourth Embodiment

Next, a fourth embodiment of a physical quantity sensor
of the mvention will be described.

FIG. 7 1s a planar view 1illustrating a groove which 1s
included 1n the physical quantity sensor according to the
fourth embodiment of the invention.

The physical quantity sensor according to the present
embodiment 1s the same as the physical quantity sensor
according to the first embodiment described above aside
from the form of the groove, which 1s provided on the
substrate, being different.

Here, the description below relates to the physical quan-
tity sensor of the fourth embodiment, the description focuses
on the differences to the embodiments described above, and
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similar matter 1s omitted from the description. In addition,
the configuration i FIG. 7 which 1s the same as the

embodiments described above 1s given the same reference
numerals.

As shown 1n FIG. 7, the groove 24, which i1s included 1n
the physical quantity sensor 1 of the present embodiment,
has a liguid reservoir section (concave section) 246 which 1s
deeper than a portion other than a portion which corresponds
to a connecting section of the communication hole 33 (a
portion which faces the lower side opening 33a). By setting
such a configuration, it 1s possible for at least a portion of
splash, which 1s generated when the sealing material 9 1s
melted by laser irradiation, to be retained i the hiquid
reservoir section 246. For this reason, it becomes diflicult for
splash to infiltrate in the internal space S via the groove 24.
Consequently, adhesion of metal splash to the functional
clement 4 1s reduced, and 1t 1s possible to reduce functional
decline of the functional element 4.

It 1s possible for the same eflects as those 1n the first
embodiment described above to also be exhibited in the
fourth embodiment.

Fifth Embodiment

Next, a fifth embodiment of a physical quantity sensor of
the invention will be described.

FIG. 8 1s a sectional view 1llustrating the physical quantity
sensor according to the fifth embodiment of the invention.
FIG. 9 1s a planar view 1illustrating a second functional
clement which 1s included 1n the physical quantity sensor
illustrated 1n FIG. 8.

The physical quantity sensor according to the present
embodiment 1s the same as the physical quantity sensor
according to the first embodiment described above aside
from the number of functional elements being diflerent.

Here, the description below relates to the physical quan-
tity sensor of the fifth embodiment, the description focuses
on the differences from the embodiments described above,
and similar matter 1s omitted from the description. In addi-
tion, the configurations 1n FIG. 8 and FIG. 9 which are the
same as the embodiments described above are given the
same reference numerals.

The physical quantity sensor 1 of the present embodiment
has the package 10, which 1s provided with the substrate 2
and the lid 3, and two functional elements 4 and 5 which are
accommodated 1n the package 10.

Substrate 2

The substrate 2 has concave sections (first concave sec-
tions) 21 and 22 which are open at the upper surface. Out of
the concave sections 21 and 22, the functional element (first
functional element) 4 1s disposed above the concave section
21, and the functional element 4 and the substrate 2 are
prevented from coming into contact by the concave section
21. In addition, the functional element (second functional
clement) 5 1s disposed above the concave section 22, and the
functional element 5 and the substrate 2 are prevented from
coming into contact by the concave section 22.

In addition, the groove (first groove) 24 which 1s open at
the upper surface and 1s connected to the concave section 21
at one end section, and a groove (second groove) 25 which
1s connected to the concave section 22 at one end section are
formed 1n the substrate 2. Out of the grooves 24 and 25, as
will be described later, the groove 24 1s a groove which
causes the communication hole 33, which 1s formed 1n the
l1d 3, to communicate with an internal space (first cavity) S1,
and, as will be described later, the groove 25 1s a groove
which causes a communication hole 36, which 1s formed 1n
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the Iid 3, to communicate with an internal space (second
cavity) S2. The grooves 24 and 25 are formed so as to be
shallower than the concave sections 21 and 22. Here, since
the configuration of the groove 25 1s substantially the same
as the groove 24, description thereof 1s omitted.

Lid 3

The Iid 3 has concave sections (second concave sections)
31 and 35 which are open at the lower surface. Then, the lid
3 15 joined to the substrate 2 so as to form the internal space
S1 which accommodates the functional element 4 using the
concave section 31 and the concave section 21, and the
internal space S2 which accommodates the functional ele-
ment S using the concave section 35 and the concave section
22. In addition, the l1id 3 1s formed 1n a partition wall section
32 which 1s positioned on the periphery of the concave
sections 31 and 35 (internal spaces S1 and S2) 1n planar
view, and has two communication holes 33 and 36 which
cause the lower surface (first surface) 3a of the Iid 3 to
communicate with the upper surface (second surface) 36 of
the Iid 3, and do not directly communicate with the concave
sections 31 and 35. Out of the communication holes 33 and
36, the communication hole 33 1s positioned such that the
lower side opening 33a thereof overlaps with the groove 24
of the substrate 2, and the communication hole 36 1s
positioned such that the lower side opeming 36a thereof
overlaps with the groove 25 of the substrate 2. For this
reason, the communication hole 33 communicates with the
internal space S1 via the groove 24, and the communication
hole 36 communicates with the internal space S2 via the
groove 25. Here, since the configuration of the communi-
cation hole 36 1s substantially the same as the communica-
tion hole 33, description thereof 1s omitted.

The communication holes 33 and 36 are each sealed using
the sealing material 9, and thereby, the internal spaces S1
and S2 are hermetically sealed. It i1s preferable that the
internal space S1 come to be 1n a vacuum state (for example,
a reduced pressure state of less than 10 Pa) 1n order to allow
the functional element 4 to more effectively vibrate. Mean-
while, it 1s preferable that the internal space S2 come to be
in a substantially atmospheric pressure state in order for a
damping eflect to be allowed to suiliciently be exhibited 1n
the functional element 5. In addition, the inside of each of
the internal spaces S1 and S2 may be substituted with an
inert gas such as helium or argon.

Functional Element 5

The functional element 5 1s an acceleration sensor ele-
ment for detecting acceleration 1n the X axis direction. As
shown 1n FIG. 9, such a functional element 5 has support
sections 31 and 32, a movable section 33, connecting
sections 54 and 55, a plurality of first fixed electrode fingers
58, and a plurality of second fixed electrode fingers 39. In
addition, the movable section 53 has a base section 531, and
a plurality of movable electrode fingers 332 which protrude
from the base section 531 to both sides i the Y axis
direction. Such a functional element 5 1s, for example,
formed from a silicon substrate which 1s doped with 1impu-
rities such as phosphorus and boron.

The support sections 51 and 52 are joined to the upper
surface of the substrate 2. Then, the movable section 53 1is
provided between the support sections 51 and 52. The
movable section 533 communicates with the support section
51 via the connecting section 54, and communicates with the
support section 52 via the connecting section 55. Thereby,
the movable section 33 becomes displaceable 1 the X axis
direction with respect to the support sections 31 and 352.

A plurality of the first fixed electrode fingers 58 are
disposed on one side of the movable electrode fingers 532 1n
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the X axis direction, and are lined up so as to have a
comb-tooth form and mesh at intervals with respect to the
corresponding movable electrode fingers 532. Such a plu-
rality of the first fixed electrode fingers 58 are joined to the
upper surface of the substrate 2 at the base end sections
thereof.

In contrast to this, a plurality of second fixed electrode
fingers 59 are disposed on the other side of the movable
clectrode fingers 532 1n the X axis direction, and are lined
up so as to have a comb-tooth form and mesh at intervals
with respect to the corresponding movable electrode fingers
532. Such a plurality of the second fixed electrode fingers 59
are joined to the upper surtace of the substrate 2 at the base
end sections thereof.

Such a functional element 3 detects acceleration 1n the X
axis direction as follows. That 1s, when acceleration 1s
applied to the physical quantity sensor 1 i1n the X axis
direction, the movable section 53 1s displaced 1n the X axis
direction while the connecting sections 54 and 355 are
clastically deformed based on the level of the acceleration.
Accompanying such displacement, an electrostatic capacity
between the movable electrode fingers 532 and the first fixed
clectrode fingers 58, and an electrostatic capacity between
the movable electrode fingers 532 and the second fixed
clectrode fingers 59 change respectively. For this reason, 1t
1s possible to detect acceleration based on the change
(differential signals) of the electrostatic capacities.

According to the physical quantity sensor 1 with such a
configuration, it 1s possible to utilize a compound sensor
which 1s able to detect angular velocity and acceleration
since the functional element includes the angular velocity
sensor element and the acceleration sensor element. For this
reason, 1t 1s possible to exhibit superior convenience. In
addition, 1t 1s possible to place each of the functional
clements 4 and 3 under an appropriate environment since it
1s possible for each of the internal spaces S1 and S2 to have
different environments.

It 1s possible for the same eflects as those 1n the first
embodiment to also be exhibited in the fifth embodiment.
Electronic Device

Next, an electronic device of the invention will be
described.

FIG. 10 1s a perspective view 1llustrating a configuration
ol a mobile-type (or a notebook-type) personal computer to
which the electronic device of the mvention 1s applied.

In the drawing, a personal computer 1100 1s configured by
a main body section 1104 which 1s provided with a keyboard
1102, and a display unit 1106 which 1s provided with a
display section 1108, and the display unit 1106 1s supported
so as to be able to rotate via a hinge structure section with
respect to the main body section 1104. The physical quantity
sensor 1, which measures the physical quantity of accelera-
tion, angular velocity, and the like 1n order to measure falling
or inclination of such a personal computer 1100, 1s mounted
in the personal computer 1100. In this manner, 1t 1s possible
to obtain the personal computer 1100 exhibiting high reli-
ability by mounting the physical quantity sensor 1 described
above.

FIG. 11 1s a perspective view illustrating a configuration
of a mobile phone (also including PHS) to which the
clectronic device of the mvention 1s applied.

In the drawing, a mobile phone 1200 1s provided with a
plurality of operation buttons 1202, a recerving port 1204,
and a transmission port 1206, and a display section 1208 is
disposed between the operation buttons 1202 and the receiv-
ing port 1204. The physical quantity sensor 1, which mea-
sures the physical quantity of acceleration, angular velocity,
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and the like 1n order to measure falling or inclination of such
a mobile phone 1200, 1s mounted in the mobile phone 1200.
In this manner, 1t 1s possible to obtain the mobile phone 1200
exhibiting high reliability by mounting the physical quantity
sensor 1 described above.

FIG. 12 1s a perspective view 1illustrating a configuration
of a digital still camera to which the electronic device of the
invention 1s applied. Here, the drawing also illustrates the
connection of an external device 1n a simplified manner.

The digital still camera 1300 generates an 1maging signal
(image signal) by photoelectric conversion of an optical
image ol a subject using an 1maging element such as a
charge coupled device (CCD). The display section 1308 is
provided on the rear surface of a case (body) 1302 1n the
digital still camera 1300, and 1s configured to periform
display based on the 1imaging signal using the CCD), and the
display section 1308 functions as a viewfinder which dis-
plays a subject using an electronic 1mage. In addition, a
light-receiving unit 1304 which includes an optical lens
(imaging optical system), CCD, and the like 1s provided at
the front surface side (the rear surface side in the drawing)
of the case 1302.

A subject image which is displayed on the display section
1308 1s confirmed by a photographer, and a shutter button
1306 1s pressed down, and the imaging signal of the CCD at
the point 1n time 1s transferred and stored 1n a memory 1310.
In addition, a video signal output terminal 1312 and an 1nput
and output terminal 1314 for data communication are pro-
vided on a side surface of the case 1302 in the digital still
camera 1300. Then, as exemplified, a liqud crystal display
1430 1s connected to the video signal output terminal 1312,
or a personal computer 1440 1s connected to the mput and
output terminal 1314 for data communication according to
need. Furthermore, using a predetermined operation, the
imaging signal which 1s stored in the memory 1310 is
configured so as to be output to the liquid crystal display
1430 or the personal computer 1440. The physical quantity
sensor 1, which measures the physical quantity of accelera-
tion, angular velocity, and the like 1n order to measure falling,
or inclination of such a digital still camera 1300, 1s mounted
in the digital still camera 1300. In this manner, 1t 1s possible
to obtain the digital still camera 1300 exhibiting high
reliability by mounting the physical quantity sensor 1
described above.

Here, 1n addition to the personal computer 1n FIG. 10, the
mobile phone 1n FIG. 11, and the digital still camera 1n FIG.
12, 1t 1s also possible to apply the electronic device of the
invention to, for example, a smartphone, an nk jet-type
discharging apparatus (for example, an 1nk jet printer), a
television, a video camera, a video tape recorder, a car
navigation device, a pager, an electronic organizer (includ-
ing those having a communication function), an electronic
dictionary, an electronic calculator, an electronic game
device, a word processor, a work station, a video phone, a
television monitor for crime prevention, a pair ol electronic
binoculars, a POS terminal, medical equipment (for
example, an electronic thermometer, a blood pressure meter,
a blood glucose meter, an electrocardiographic measuring
device, an ultrasonic diagnostic device, or an electronic
endoscope), a fish finder, various measurement equipment,
an mnstrument (for example, an mstrument for a vehicle, an
aircraft, or a ship), a tlight simulator, and the like.

Mobile Body

Next, a mobile body of the mvention will be described.

FI1G. 13 1s a perspective view schematically illustrating an
automobile as an example of the mobile body of the inven-
tion.
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Various control units in which the physical quantity
sensor 1, which processes various control signals, 1s pro-
vided are mounted 1n an automobile 1500. For example, as
shown 1n FIG. 13, an electronic control unit (ECU) 1508
with a built-in sensor, which senses acceleration of the
automobile 1500, and controls output from an engine 1is
mounted on a vehicle body 1507 in the automobile 1500 as
a mobile body. The physical quantity sensor 1, which
measures the physical quantity of acceleration, angular
velocity, and the like of the vehicle body 1507, 1s mounted
in the electronic control umit 1508. In this manner, it 1s
possible to execute appropriate engine output control with
high precision according to the posture of the vehicle body
1507, and obtain the automobile 1500 as an eflective mobile
body 1n which consumption of fuel and the like 1s suppressed
by mounting the physical quantity sensor 1 described above.

In addition, 1t 1s also possible to widely apply the physical
quantity sensor 1 to a vehicle body posture control unit, a
keyless entry system, an immobilizer, a car navigation
system, car air conditioming, an anti-lock brake system
(ABS), an airbag, a tire pressure monitoring system
(TPMS), and the like.

The physical quantity sensor, the electronic device, and
the mobile body of the invention are described above based
on the embodiments of the drawings, but the invention 1s not
limited thereto, and it 1s possible for the configuration of
cach section to be substituted with an arbitrary configuration
which has the same function. In addition, other arbitrary
constructions may be added to the invention.

In addition, 1n the embodiment described above, a con-
figuration 1n which the physical quantity sensor has one or
two functional elements 1s described, but the number of
functional elements 1s not limited thereto, and there may be
three or more. In addition, the detection axis of the angular
velocity sensor and the acceleration sensor as the functional
clement 1s not particularly limited.

The entire disclosure of Japanese Patent Application No.
2014-1772675, filed Aug. 27, 2014 1s expressly imncorporated

by reference herein.

What 1s claimed 1s:

1. A physical quantity sensor comprising;:

a substrate having a first concavity and a substrate ledge,
the substrate ledge being provided at a periphery of the
substrate;

a id having a second concavity facing the first concavity,
the lid having a Iid ledge at a periphery of the lid, the
l1id ledge being fixed to the substrate ledge;

a cavity which 1s from configured by the first concavity
and the second concavity;

a functional element which 1s accommodated 1n the
cavity;

a communication through hole which 1s formed in the lid
ledge, the communication through hole being spaced
apart from the first and second concavities 1n a plan
view; and

a groove which 1s formed in the substrate ledge and
communicates with the first concavity, the groove
extending along a top substrate surface of the substrate
ledge from the communication through hole to an edge
of the first concavity,

wherein the communication through hole spatially com-
municates with the cavity via the groove.

2. The physical quantity sensor according to claim 1,

wherein a sealing materal 1s disposed inside the commu-
nication through hole so that the cavity 1s sealed from
outside atmosphere.
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3. The physical quantity sensor according to claim 1,

wherein the lid ledge has a lid ledge top surface and a lid
ledge bottom surface, the lid ledge top surface 1s closer
to a bottom of the second concavity than the lid ledge
bottom surface, and

an 1ner surface of the communication through hole
inclines from the lid ledge top surface toward the lid
ledge bottom surface with respect to a normal line of
the Iid ledge bottom surface.

4. The physical quantity sensor according to claim 1,

wherein an overlapping substrate ledge area of the sub-
strate ledge overlaps the second concavity 1n the plan
view, and

the groove 1s formed 1n an area located outside of the
overlapping substrate ledge area in the plan view.

5. The physical quantity sensor according to claim 4,

wherein the groove 1s formed 1n the overlapping substrate
ledge area.

6. The physical quantity sensor according to claim 4,

wherein the groove 1s open at the lid ledge top surface.

7. The physical quantity sensor according to claim 4,

wherein a depth of the groove 1s shallower than a depth of
the first concavity.

8. The physical quantity sensor according to claim 1,

wherein the id ledge has a lid ledge top surface and a lid
ledge bottom surface, the lid ledge top surface 1s closer
to a bottom of the second concavity than the lid ledge
bottom surface, and

a width of the groove i1s wider than an opeming of the
communication through hole located on the lid ledge
bottom surface.

9. The physical quantity sensor according to claim 1,

wherein the groove includes one of a bent section and a
curved section between the communication through
hole and the cavity in the plan view.

10. The physical quantity sensor according to claim 1,

wherein a position 1n the groove spaced apart from an
edge of the groove 1s connected to the communication
through hole.

11. The physical quantity sensor according to claim 1,

wherein the groove 1s a liquid reservorr.

12. A physical quantity sensor comprising:

a substrate having a first concavity, a second concavity, a
substrate center ledge, and a substrate peripheral ledge,
the substrate center ledge being provided between the
first and second concavities 1n a plan view, the substrate
peripheral ledge being provided at a periphery of the
substrate;

a Iid having a third concavity facing the first concavity,
the Iid having a fourth concavity facing the second
concavity, the lid having a lid center ledge provided
between the third and fourth concavities in the plan
view, the lid having a lid peripheral ledge at a periphery
of the Iid, the lid pernipheral ledge being fixed to the
substrate peripheral ledge;

a first cavity which 1s configured by the first concavity and
the third concavity;

a second cavity which 1s configured by the second con-
cavity and the fourth concavity;

a first functional element which 1s accommodated 1n the
first cavity;

a second functional element which 1s accommodated in
the second cavity;

a first communication through hole which 1s formed in the
l1id center ledge, the first communication through hole
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being spaced apart from the first, second, third, and
fourth concavities 1n the plan view;

a second communication through hole which 1s formed
next to the first communication through hole 1n the Iid
center ledge, the second communication through hole
being spaced apart from the first, second, third, and
fourth concavities 1n the plan view;

a first groove which 1s formed 1n the substrate center ledge
and communicates with the first concavity, the first
groove extending along a top substrate surface of the
substrate center ledge from the first communication

through hole to an edge of the first concavity; and

a second groove which 1s formed in the substrate center
ledge and communicates with the second concavity, the
second groove extending along the top substrate sur-
face of the substrate center ledge from the second
communication through hole to an edge of the second
concavity,

wherein the 1id center ledge 1s fixed to the substrate center
ledge so as to become a partition wall between the first
and second cavities, and

the first and second communication through holes spa-
tially communicate with the first and second cavities
via the first and second grooves, respectively.

13. The physical quantity sensor according to claim 12,

wherein the first functional element 1s an acceleration
detection element, and

the second functional element i1s an angular velocity
detection element.

14. An electronic device comprising:

the physical quantity sensor according to claim 1; and

a display that displays an 1mage,

wherein the physical quantity sensor i1s configured to
detect a physical quantity of the electronic device.

15. An electronic device comprising:

the physical quantity sensor according to claim 2; and

a display that displays an 1mage,

wherein the physical quantity sensor i1s configured to
detect a physical quantity of the electronic device.

16. An electronic device comprising:

the physical quantity sensor according to claim 3; and

a display that displays an 1mage,

wherein the physical quantity sensor 1s configured to
detect a physical quantity of the electronic device.

17. An electronic device comprising:

the physical quantity sensor according to claim 4; and

a display that displays an 1mage,

wherein the physical quantity sensor i1s configured to
detect a physical quantity of the electronic device.

18. An electronic device comprising:

the physical quantity sensor according to claim 5; and

a display that displays an 1mage,

wherein the physical quantity sensor i1s configured to
detect a physical quantity of the electronic device.

19. An electronic device comprising:

the physical quantity sensor according to claim 6; and

a display that displays an 1mage,

wherein the physical quantity sensor 1s configured to
detect a physical quantity of the electronic device.

20. A mobile body comprising:

the physical quantity sensor according to claim 1; and

a movable housing that accommodates the physical quan-
tity sensor,

wherein the physical quantity sensor i1s configured to
detect a physical quantity of the mobile body.
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